Carcinosarcomas (malignant mixed Mü llerian tumors) of the uterus are rare and aggressive malignancies consisting of an epithelial (carcinoma) and a mesenchymal (sarcoma) tumor component and are considered as metaplastic endometrial carcinomas. This study evaluated molecular characteristics and clinical behavior of uterine carcinosarcomas to improve treatment regimens in the future. Immunohistochemical expression of estrogen receptor-a and -b, progesterone receptor-A and -B, MLH1, MSH2, MSH6, PTEN (phosphatase and tensin homolog deleted on chromosome 10), p53, b-catenin and cyclin D1 was determined in 40 uterine carcinosarcomas. Immunostaining was compared between epithelial and mesenchymal tumor components. To determine the prognostic role of the epithelial component, clinicopathological data and survival were compared between patients with endometrioid and non-endometrioid epithelial tumor components. To determine prognosis of carcinosarcomas compared with high-risk endometrial carcinomas, clinicopathological characteristics and survival were compared between these patients. Hormone receptor expression occurred infrequently: estrogen receptor-a (8%) and -b (32%), progesterone receptor-A (0%) and -B (23%), next to b-catenin (4%) and cyclin D1 (7%). PTEN, MLH1, MSH2 and MSH6 mutations occurred in 39%, 33%, 22% and 21%, respectively (based on absent immunostaining). Overexpression of p53 was observed in 38%. Expression patterns of p53, MSH2 and MSH6 corresponded between epithelial and mesenchymal tumor components. In our cohort, the epithelial component caused the majority of metastases (72%) and vascular invasion (70%). Survival tended to be worse for patients with a non-endometrioid epithelial component compared with an endometrioid epithelial component (5-year survival: 26% and 55%, respectively). Survival was worse for patients with uterine carcinosarcomas compared with high-risk endometrial carcinomas (grade 3 endometrioid and non-endometrioid); 5-year survival rates: 42%, 77% and 57%, respectively. Our results support the monoclonal origin of uterine carcinosarcomas. The epithelial component determines prognosis by causing the majority of metastases and vascular invasion. To improve prognosis, treatment should focus on the epithelial tumor component of uterine carcinosarcomas.
Uterine carcinosarcomas (malignant mixed Mü llerian tumors) are rare malignancies of the female genital tract, accounting for 1-5% of uterine malignancies. 1, 2 Microscopically, carcinosarcomas consist of two histological malignant components: an epithelial (carcinoma) and a mesenchymal (sarcoma) component. The epithelial component is usually a high-grade carcinoma such as papillary serous or clear cell. 3 The mesenchymal component may be either homologous or heterologous. The homologous mesenchymal component contains cell types that are normally found in the uterus: stromal sarcoma, fibrosarcoma, undifferentiated sarcoma and leiomyosarcoma. These cell types can either occur as single or mixed tissue type. The heterologous component is composed of other components such as rhabdomyosarcoma, chondrosarcoma, osteosarcoma and liposarcoma. 4, 5 The proportion of the epithelial and mesenchymal component can vary between individual cases.
Several theories about the origin of the coexistence of two distinctive malignant components in the same tumor have been proposed during the past decades. The 'collision' theory suggests that the epithelial and mesenchymal component originated separately and finally collided in one 'mixed' tumor. The 'combination' theory comprises the assumption of a common (epithelial) precursor stem cell with bidirectional differentiation. The 'conversion' theory suggests that the epithelial component is 'the driving force': the mesenchymal component is derived from the epithelial component via a metaplastic process. 6, 7 Molecular and immunohistochemical studies suggest that most, but not all, carcinosarcomas are monoclonal, supporting the conversion theory. 6, 8, 9 Therefore, uterine carcinosarcomas are considered as metaplastic endometrial carcinomas. Endometrial carcinomas can be divided into two types based on clinicopathological characteristics: type I consists of endometrioid carcinomas and type II consist of clear-cell and serous papillary carcinomas. 7, 10 Type I endometrial carcinomas are associated with mutations of DNA mismatch repair (MMR) genes, PTEN (phosphatase and tensin homolog deleted on chromosome 10) mutations, estrogen receptor expression, progesterone receptor (PR) expression and aberrant Wnt/bcatenin signaling pathway. Type II endometrial carcinomas are characterized by p53 mutations and have a worse prognosis compared with type I endometrial carcinomas. High-risk subtypes of endometrial carcinomas (grade 3 endometrioid and non-endometrioid) show resemblance to the aggressive biological behavior of uterine carcinosarcomas, although prognosis of uterine carcinosarcomas is worse. 11, 12 Uterine carcinosarcomas predominantly occur in postmenopausal women and a higher incidence is found among black women compared with white women. 1 Risk factors are similar to endometrial carcinomas: advanced age, obesity, nulliparity and exposure to exogenous estrogen. Furthermore, longterm use of tamoxifen after breast cancer has been associated with the development of a uterine carcinosarcoma. 4 Stage of disease, myometrial invasion and vascular invasion are important prognostic factors. Owing to a high tendency to early extrauterine spread, advanced disease is usually present at the time of diagnosis. 4, 13 Prognosis is poor: 5-year survival rates have been reported between 30% and 45.8% in early-stage carcinosarcoma (FIGO stage I/ II) and between 0% and 10% in advanced stage carcinosarcoma (FIGO stage III/IV). 11, 12 Until recently, uterine carcinosarcomas were considered as a subtype of uterine sarcomas and were treated correspondingly. However, hardly any improvement of prognosis was observed. Based on the fact that uterine carcinosarcomas are currently considered as metaplastic endometrial carcinomas, uterine carcinosarcomas are treated as high-risk endometrial carcinomas. Surgical treatment consists of a total abdominal hysterectomy, bilateral salpingo-oopherectomy, dissection of pelvic and paraaortic lymph nodes and collection of peritoneal cytology. However, responses to present-day adjuvant radiotherapy and chemotherapy are poor and clinical trials are conducted to improve prognosis by new treatment strategies. Treatment with adjuvant combined chemotherapy seems the most promising compared with single-agent chemotherapy 14, 15 or radiotherapy. 16 However, more research is needed to develop the most effective treatment for patients with uterine carcinosarcomas.
This study aimed to gain more insight into the molecular characteristics and clinical behavior of carcinosarcomas to improve treatment regimens in the future. Therefore, immunohistochemical expression of hormone receptors (estrogen receptor-alpha (ER-a), estrogen receptor-beta (ER-b), progesterone receptor-alpha (PR-A), progesterone receptor-beta (PR-B), MMR proteins (MLH1, MSH2 and MSH6), PTEN, p53, b-catenin and cyclin D1 was determined in a well-defined cohort of uterine carcinosarcomas. Expression levels were compared between epithelial and mesenchymal tumor components and between primary and metastatic tumor tissue. To determine whether treatment modalities should focus on characteristics of the epithelial tumor component, the prognostic role of the epithelial component was determined. Therefore, clinicopathological data and survival were compared between patients with endometrioid and non-endometrioid epithelial tumor components of uterine carcinosarcomas. Next, clinicopathological characteristics and survival were compared between patients with high-risk endometrial carcinomas and carcinosarcomas to determine if carcinosarcomas have a worse prognosis compared with high-risk endometrial carcinomas.
Materials and methods

Patients and Treatment
Since 1980, tissue samples of patients with gynecological malignancies treated at the Department of Gynecologic Oncology of the University Medical Center Groningen are collected and stored in the tissue storage system of the Pathology Department of the University Medical Center Groningen.
Clinicopathological characteristics and follow-up data of these patients were prospectively collected during standard treatment and were stored in a computerized registration database. For this study, patients with grade 3, non-endometrioid endometrial carcinoma and carcinosarcomas were selected if diagnosed and treated by a gynecological oncologist in the University Medical Center Groningen between 1980 and 2006. Of these patients, clinicopathological data were retrieved from hospital and pathology records and compared. For carcinosarcoma patients, it was assessed whether sufficient tissue material was available from the primary tumor location and metastatic lesions. Staging occurred after surgical treatment according to the FIGO guidelines. 17 Tumors were classified and graded by pathologists according to the World Health Organization (WHO) criteria. 18 Follow-up data were completed until February 2010.
Institutional Review Board Approval
For this study, all relevant data were retrieved from our computerized database and transferred into a separate, anonymous, password-protected database. Patient identity was protected by study-specific, unique patient codes, which were only known to two dedicated data managers, who also have daily responsibility for the larger database. In case of uncertainties with respect to clinicopathological and follow-up data, the larger databases could only be checked through the data managers, thereby ascertaining the protection of patients' identity. Using the registration database, all tissue specimens were identified by unique patient numbers and retrieved from the archives of the Department of Pathology. Therefore, according to Dutch law no further Institutional Review Board approval was needed for this study (http://www.federa.org/).
Tissue Microarray Construction
The tissue microarray method allows simultaneous evaluation of several markers on paraffin-embedded tissues from hundreds of tumors. 19 For this study, archival slides of all cases were reviewed and the histopathological classifications of the carcinosarcomas were confirmed by an experienced gynecological pathologist (HH). Morphologically representative areas of the epithelial and mesenchymal tumor component were marked on hematoxylin-and eosin-stained slides of the paraffinembedded tissue. Areas of necrosis and areas with severe leukocyte infiltration were avoided. Three core biopsies of 0.6 mm were taken from each tumor component and arrayed on a recipient paraffin block using a tissue microarrayer (Beecher instruments, Silver Spring, MD, USA). Adhesion of cores to the recipient block was accomplished by placing the blocks in a 371C oven for 15 min.
Immunohistochemistry
For immunohistochemistry, 4 mm sections were cut from the tissue microarrays and mounted on aminopropyl-ethoxy-silan-coated glass slides (SigmaAldrich, Diessenhofen, Germany). In total, 11 primary antibodies were used for immunohistochemical assessment. Antibodies, antigen retrieval methods and detection techniques are summarized in Table 1 . The antibody was ready to use.
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Sections were deparaffinized in xylene and rehydrated in ethanol. Endogenous peroxidase was blocked by incubation in a 0.3% H 2 O 2 solution for 30 min. Staining was visualized with 3,3 0 -diaminobenzidine (Vector Laboratories, Burlingame, CA, USA) and slides were counterstained with hematoxylin.
Evaluation of Staining
Immunohistochemical expression was determined based on intensity and extent of the staining. Intensity was scored as negative (0), weak (1þ ), positive (2þ ) or strong positive (3þ ). Immunostaining for p53 was scored as follows: tumors showing at least 50% positive nuclear expressions were considered as having aberrant p53 expression. Positive staining of PTEN was defined as the presence of 410% cytoplasmic immunostaining. 20 Cyclin D1 and hormone receptor expression was considered positive when 410% tumor cells had moderate to strong nuclear expression. MSH2, MSH6 and MLH1 expression was scored as either negative (ie, total absence of detectable nuclear staining of tumor cells) or positive. b-Catenin was considered positive when at least 10% tumor cells showed nuclear immunohistochemical expression. Two independent researchers (TW and HH) scored all immunohistochemical stained slides without previous knowledge of clinicopathological data. Discordant cases were reviewed and scores were reassigned on consensus of opinion. Staining was only analyzed when two or more cores were available, each containing more than 20% tumor tissue. In this way, resemblance to whole tissue slides was warranted.
Statistics
All continuous variables were checked for normality of the distribution using P-P plots. In case of skewed distributions, the median and interquartile ranges (IQR, 25th-75th percentile) were presented. To establish whether clinicopathological characteristics were associated with the expression of MLH1, MSH2, MSH6, PTEN, p53, hormone receptors, b-catenin and cyclin D1, univariate logistic regression analyses were performed. Expression of the markers was dichotomized according to negative and positive immunostaining and analyzed as dependent variables and clinicopathological characteristics (Table 2) were used as independent variables; odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated. Associations of immunohistochemical expression (Table 3 ) between epithelial and mesenchymal tumor component and between primary and metastatic tumor tissue were tested using w 2 tests (or Fisher's exact tests, if appropriate). Spearman's rank correlation analyses were used to determine correlations between the expression of (Tables 4 and 5) between tumor types. Differences in disease-specific survival based on immunohistochemical expression or tumor types were plotted using Kaplan-Meier survival curves and evaluated by log-rank tests. Disease-specific survival was defined as the time from diagnosis until death owing to disease (endometrial carcinoma or uterine carcinosarcoma) or date of last follow-up. All tests were performed two-sided and P-values of o0.05 were considered statistically significant. Analyses were performed using the software package SPSS, version 16.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Patients
Between 1980 and 2006, 725 patients were diagnosed and treated for endometrial cancer in the University Medical Center Groningen. A total of 99 patients (14%) were diagnosed with high-risk endometrial carcinoma: grade 3 endometrioid carcinoma (n ¼ 56, 8%), serous papillary carcinoma (n ¼ 17, 2%) and clear-cell carcinoma (n ¼ 26, 4%). In all, 43 patients (6%) were diagnosed with carcinosarcoma of the uterus. From a total of 40 carcinosarcoma patients, sufficient paraffinembedded tumor tissue was available for construction of a tissue microarray. Tumor tissue from the primary tumor location was available of 38 patients and in 32 cases both the epithelial and mesenchymal component could be incorporated on the tissue microarray. Metastatic tumor tissue was available of 18 patients.
Patient Characteristics of Carcinosarcoma Patients
Clinicopathological characteristics of carcinosarcoma patients are summarized in Table 2 . Median age at the time of diagnosis was 66 years (IQR: 59-76). Median time of follow-up was 1.5 years (IQR: 0.8-6.1). Patients were diagnosed with advanced stage of disease (FIGO stage III/IV) in 50% of the cases. In the majority of cases, both tumor components were poorly differentiated (epithelial: 74%; mesenchymal: 92%). Vascular invasion was present in 23 cases (66%). In 13 out of 18 cases (72%), metastases Mann-Whitney U-test used. e Missing cases: patients without primary surgery (n ¼ 5) or material not enough for definitive conclusion.
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were caused by the epithelial component only; both components were present in 4 out of 18 cases (22%) and in 1 case (6%) only the mesenchymal component represented metastatic tissue. Total abdominal hysterectomy and bilateral salpingo-oopherectomy was performed in 30% of the patients; more extended surgery with pelvic and/or para-aortic lymph node dissection was performed in 58%. Adjuvant radiotherapy was given to 19 patients (48%) and adjuvant chemotherapy was given to five patients (13%). Owing to metastatic disease, five patients (13%) were not treated with total abdominal hysterectomy and bilateral salpingo-oopherectomy, but received palliative chemotherapy (two patients) or radiotherapy (three patients) only. Recurrent disease developed in 15 patients (38%), with a median time to recurrence of 5 months (IQR: 3-11). Three patients (8%) did not have a diseasefree interval after surgery. In total, 23 patients (58%) died as a result of disease during our follow-up. The median time between diagnosis and death of disease was 1 year.
Immunohistochemistry
Immunohistochemical results are summarized in Table 3 .
Hormonal receptors (ER-a, ER-b, PR-A, PR-B)
Positive ER-a expression was observed in 33% of the epithelial component and 17% of the mesenchymal component. Positive immunostaining was present in both components in 8% of the cases. ER-a expression was associated with low tumor grade (OR: 5.4; 95%-CI: 1.1-27.8), an endometrioid epithelial component (OR: 7.4; 95%-CI: 0.8-68.1) and no vascular invasion (OR: 7.2; 95%-CI: 1.5-34.1) (data not shown). ER-a expression was observed in 23% of the metastatic tissue samples. Positive ER-b expression was more frequently observed in the mesenchymal component compared with the epithelial component (56% vs 37%, respectively). In 8 of 25 cases (32%), positive expression was seen in both components (P ¼ 0.041). In metastatic tumor tissue, positive ER-b expression was observed in 67% (epithelial component) and 60% (mesenchymal component). No associations were found between ER-b expression and clinicopathological characteristics. PR-A expression was observed in 5% (epithelial component) and in 10% (mesenchymal component). PR-A expression was not observed in both tumor components simultaneously. No associations were found between PR-A expression and clinicopathological characteristics.
PR-B expression was found in 41% and 35% in the epithelial and the mesenchymal component, respectively. When paired tumor components were present for evaluation, positive PR-B expression was seen in 23% of the tumors. Furthermore, percentages of positive expression were higher in metastatic tissue: 47% and 80% positivity in epithelial and mesenchymal components, respectively. PR-B expression was significantly associated with an endometrioid epithelial component (OR: 11.2; 95%-CI: 1.2-104.3) and low tumor grade (OR: 4.5; 95%-CI: 0.9-22.7) (data not shown).
MMR proteins (MLH1, MSH2 and MSH6)
Loss of expression of Z1 MMR protein was observed in 12 of 29 carcinosarcomas (41%). In the epithelial tumor component, absent immunostaining of MLH1, MSH2 and MSH6 was observed in 61%, 35% and 36%, respectively. Percentages were slightly lower in the mesenchymal component (MLH1: 40%; MSH2: 29%; and MSH6: 27%, respectively). When comparing expression patterns between both tumor components, similarities were observed in the majority of the cases: MLH1 (63%, P ¼ 0.134), MSH2 (74%, P ¼ 0.033) and MSH6 (68%, P ¼ 0.050). Tumors showed completely negative immunohistochemical expression for MLH1 in eight of 24 cases (33%), for MSH2 in 6 of 27 cases (22%) and for MSH6 in 6 of 29 cases (21%). No associations were found between the expression of MLH1, MSH2, MSH6 and clinicopathological characteristics.
PTEN
Complete loss of PTEN expression was observed in 12 of 31 cases (39%). Expression levels differed slightly between epithelial (64% absent expression) and mesenchymal components (52% absent expression). In the majority of cases, expression was similar in both tumor components (65%, P ¼ 0.100). No associations were found between expression of PTEN and clinicopathological characteristics. PTEN expression correlated with MLH1 (r s ¼ 0.722; Po0.001) and MSH2 expression (r s ¼ 0.440; P ¼ 0.010, respectively) in the epithelial component. Furthermore, absent PTEN expression was more frequently detected in tumors with loss of expression of Z1 MMR protein (7/12; 58%) compared with tumors without loss of MMR protein expression (4/17, 24%), although this was not significant (P ¼ 0.119) (data not shown). p53 p53 overexpression was observed in 46% and 53% in the epithelial and the mesenchymal component, respectively. In the majority of cases, expression was similar in both tumor components (83%, Po0.001). Furthermore, p53 expression was similar in primary tissue and paired metastatic tissue (P ¼ 0.002). Overexpression of p53 was more often observed in a non-endometrioid epithelial tumor component (OR: 16.0; 95%-CI: 1.7-151.1).
b-Catenin
Nuclear b-catenin expression was observed in 11% (epithelial component) and 13% (mesenchymal component). In only one case, nuclear b-catenin expression was observed in both tumor components. b-Catenin expression was associated with an endometrioid tumor type (P ¼ 0.035) (data not shown). Furthermore, b-catenin expression was similar in primary tissue and paired metastatic tissue (P ¼ 0.038).
Cyclin D1
Cyclin D1 expression was observed in 24% (epithelial component) and 23% (mesenchymal component). In 7% of the cases, both tumor components showed positive cyclin D1 expression. Similar expression patterns were observed in primary and paired metastatic tumor tissue (P ¼ 0.035). No associations were observed between cyclin D1 and clinicopathological parameters. Simultaneous coexpression of nuclear b-catenin and cyclin D1 was found in one case (3%).
No associations were found between immunohistochemical expression of molecular markers and disease-specific survival of uterine carcinosarcoma patients.
Comparison of Endometrioid and Non-Endometrioid Epithelial Tumor Components of Carcinosarcomas
In the majority of carcinosarcoma patients, the epithelial tumor component accounted for metastases (72%) and vascular invasion (70%). We investigated whether clinicopathological characteristics and disease-specific survival of patients differed between an endometrioid and a nonendometrioid epithelial tumor component. For this analysis, undifferentiated tumor type (n ¼ 3) or unknown tumor type (n ¼ 3) in the epithelial component were excluded. As shown in Table 4 , frequencies of positive peritoneal washings (tumor cells present), omental metastases and recurrent disease were not significantly different between endometrioid and non-endometrioid epithelial components of carcinosarcomas. However, peritoneal metastases tended to occur more frequently in patients with a non-endometrioid epithelial tumor component (P ¼ 0.063). During follow-up, nine patients were still alive without evidence of disease. All these patients were diagnosed with an endometrioid epithelial tumor component (P ¼ 0.083). Patients with a non-endometrioid epithelial component tended to have a worse disease-specific survival (5-year survival: 26%) compared with patients with an endometrioid epithelial component (5-year survival: 55%) (P ¼ 0.104) (Figure 1 ).
Comparison of Characteristics between Carcinosarcomas and High-Risk Endometrial Carcinomas
Clinicopathological characteristics and disease-specific survival were compared between high-risk endometrial carcinomas (n ¼ 99) and uterine carcinosarcomas (n ¼ 40) (Table 5 ). Grade 3 endometrioid endometrial carcinomas more frequently showed 450% myometrial invasion compared with uterine carcinosarcomas (P ¼ 0.009). Other clinicopathological characteristics did not differ between these subtypes. Patients with uterine carcinosarcomas had a worse disease-specific survival (5-year survival: 42%) compared with non-endometrioid carcinoma (5-year survival: 57%) and grade 3 endometrioid carcinoma (5-year survival: 77%) (Po0.001) (Figure 2 ).
Discussion
This study investigated immunohistochemical expression of 11 markers in a well-defined cohort of patients with carcinosarcomas of the uterus, all treated at the University Medical Center Groningen. Immunohistochemical expression was compared between the epithelial and mesenchymal tumor components of uterine carcinosarcomas.
Overexpression of p53 (a tumor suppressor gene, located on chromosome 17q13.1) showed a high concordance between both tumor components. In addition, p53 overexpression highly correlated between primary and metastatic tumor tissue. Next to p53, mutations in MMR genes are an early event in tumorigenesis. 21 It has been shown that loss of immunohistochemical staining of MMR proteins (MLH1, MSH2 and MSH6) correlates to the corresponding MMR gene mutation. 22 We observed that expression levels of MSH2 and MSH6 correlated between epithelial and mesenchymal tumor components. Above-mentioned results are in line with other studies and confirm the monoclonal origin of uterine carcinosarcomas. 8, 9, [23] [24] [25] The ER and PR are important in growth, differentiation and function of reproductive tissues. In the past decade, two subtypes of ER (ER-a and ER-b) and PR (PR-A and PR-B) have been discovered. Its importance in tumor development and prognosis has been studied in endometrial carcinomas, but reports in uterine carcinosarcomas are scarce. [26] [27] [28] [29] In this study, ER-a expression was associated with low tumor grade, an endometrioid epithelial tumor component and no vascular invasion, which is in agreement with results in endometrial carcinomas. 30 Furthermore, we observed that ER-a was mainly expressed in the epithelial component in contrast to ER-b, which was more predominantly expressed in the mesenchymal component. Overall, ER-b was more frequently expressed than ER-a in our population. These results are in line with two previous reports. 26, 27 To our knowledge, we are the first to determine subtype expression of PR (PR-A and PR-B) in uterine carcinosarcomas. PR-A was less frequently expressed than PR-B (5% and 10% vs 41% and 35% in epithelial and mesenchymal components, respectively). Expression of PR-B was associated with an endometrioid epithelial tumor component, similar to results in endometrial carcinomas. 31 Two developmental pathways can be distinguished in endometrial carcinomas: type I endometrial cancers arise on background of hyperplasia after unopposed estrogen stimulation and type II endometrial cancers are not estrogen driven. 10 The fact that ER-a and PR-B are associated with low grade and an endometrioid tumor type in our population suggest a similar pathway in uterine carcinosarcomas. Probably, tumors with an endometrioid epithelial tumor type develop under the influence of estrogen and tumors with a nonendometrioid tumor type develop independent of estrogen. During dedifferentiation to the sarcomatous component, loss of ER-a expression occurs, whereas ER-b is more frequently expressed during progression of disease, a mechanism that has been shown previously in endometrial carcinomas. 30 In type I endometrial carcinoma, microsatellite instability is a frequent phenomenon with incidences ranging from 20% to 90% compared with 0% to 11% in type II endometrial carcinoma. 2, 32, 33 Microsatellite instability is caused by an inability of the MMR system to cut out and replace the mismatching DNA strains due to methylation or mutation of its proteins (MLH1, MSH2 and MSH6). 34 Two previous studies showed that microsatellite instability was present in 5% 35 and 23.3% 21 of uterine carcinosarcomas. The latter study observed that microsatellite instability is mainly a feature of the epithelial component. 21 This is in agreement with our finding; loss of MMR protein expression was more frequently observed in the epithelial component compared with the mesenchymal component, although expression levels corresponded between both tumor components in the majority of the cases. Furthermore, we observed that tumors with loss of expression of Z1 MMR protein more frequently had absent PTEN immunostaining, which is in agreement with previous reports in endometrial carcinomas. 36, 37 PTEN acts as a tumor suppressor gene through the action of its phosphatase protein product. PTEN mutations more frequently occur in type I endometrial carcinomas (35-55%) compared with type II endometrial carcinomas (5-11%). 2, 37, 38 Mutation or dysfunction of PTEN can be seen as negative immunohistochemistry staining, which was the case in 39% of our study population. One previous study reported PTEN mutations in 14.3% of uterine carcinosarcomas. 38 A possible explanation for these different percentages is that the latter study was performed in a smaller study population and different detection methods for PTEN mutations were used.
Previous reports have shown that p53 overexpression was present in 28-84% of carcinosarcomas 8,9,23,25,39 compared with 38% in our population.
Mutant or altered p53 gene protein has a prolonged half-life and accumulates to detectable immunohistochemical levels. Overexpression of p53 is typically present in 90% of non-endometrioid endometrial carcinomas compared with 10% in endometrioid endometrial carcinomas. 3 In our cohort, overexpression was associated with a nonendometrioid epithelial tumor component of uterine carcinosarcomas.
Aberrant activation of the Wnt signaling pathway has an important role in the tumorigenesis of a wide range of tumors, 40 in which b-catenin has a crucial role. Mutations of b-catenin result in stabilization of a protein that resists degradation, leading to nuclear accumulation that can be shown by immunohistochemistry. 41 Mutations of b-catenin are considered an early event in tumorigenesis. 2 The reported frequency of b-catenin mutations in type I endometrial carcinomas ranges from 14% to 44% compared with 0% to 5% in type II endometrial carcinomas. 3 To date, only two studies reported on this subject in uterine carcinosarcomas. 24, 41 To determine the function of the aberrant Wnt signaling in carcinosarcomas of the uterus, we determined b-catenin and cyclin D1 expression (which is a direct target gene of b-catenin). In our population, nuclear b-catenin expression was present in 11% and 13% in the epithelial and mesenchymal component of carcinosarcomas, respectively. Percentages resemble results found in type I endometrial carcinoma. 3 In only one tumor, simultaneous expression of nuclear b-catenin in both tumor components was observed. Expression differences between tumor components were reported previously, but exact percentages are lacking. 24 Previously, positive nuclear b-catenin immunostaining was detected in 86% of uterine carcinosarcomas, 41 which is higher compared with our result. However, this study population was smaller (n ¼ 7) and different techniques for immunohistochemistry analysis were used. To our knowledge, we are the first to determine cyclin D1 expression in uterine carcinosarcomas. Positive expression was found in 24% and 23% (epithelial and mesenchymal component, respectively). Coexpression of nuclear b-catenin and cyclin D1 was an infrequent observation: 3% of epithelial components and 3% of mesenchymal components. These results suggest that an activated Wnt/b-catenin pathway is a rare event in uterine carcinosarcomas.
We and others showed that uterine carcinosarcomas have a more aggressive biological behavior compared with high-risk endometrial carcinomas, resulting in a worse disease-specific survival. 11, 12 Evidence is emerging that the epithelial component is the 'driving force' in this tumor type. 5, 42 In our population, we observed that the epithelial component was responsible for the majority of metastases (72%) and vascular invasion (70%). In addition, patients with a non-endometrioid epithelial tumor component tended to have more peritoneal metastases compared to patients with an endometrioid tumor component. Next, patients with non-endometrioid epithelial component tended to have a worse disease-specific survival compared to patients with an endometrioid epithelial component. Although not statistically significant, these findings suggest that the developmental pathway of uterine carcinosarcomas is similar to endometrial carcinomas and can be divided into type I and type II (according to the epithelial tumor component).
In summary, this study investigated molecular markers and clinical characteristics of uterine carcinosarcomas. Immunohistochemistry expression of p53, MSH2 and MSH6 highly corresponded between epithelial and mesenchymal components, confirming the monoclonal origin of uterine carcinosarcomas. Furthermore, immunohistochemistry results showed similarities to endometrial carcinomas: p53 expression was associated with a nonendometrioid epithelial tumor component and expression patterns of MMR proteins, PTEN and hormone receptors resembled results previously found in type I endometrial carcinomas. In our population, the epithelial component caused the majority of metastases and vascular invasion. Above-mentioned results show that uterine carcinosarcomas are metaplastic endometrial carcinomas with similar developmental pathways. Currently, uterine carcinosarcomas are treated as high-risk endometrial carcinoma, which is justified based on these results. However, patients with uterine carcinosarcomas have a worse disease-specific survival compared with high-risk endometrial carcinomas. Therefore, future research is needed to improve therapy and should focus on characteristics of the epithelial component of carcinosarcomas.
